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The audience effect in a facultatively social mammal, the yellow
mongoose, Cynictis penicillata
Abstract
The audience effect has been shown in numerous group-living vertebrates but whether it is present in
facultatively social species is unknown. We investigated the antipredator responses of the yellow
mongoose, a mammal that dens in groups but primarily forages alone. To examine the effect that the
social environment has on their communication, we performed a combination of field observations and
experiments with live and model predators on a habituated population of mongooses. Social context
affected both the communicative and the flight behaviour of yellow mongooses. Alarm vocalizations
were used almost exclusively when individuals were in a group rather than solitary. The visual alarm
signal, a raised tail, was predominantly used by solitary individuals when predators were outside attack
range. This study apparently is the first to show an audience effect in a facultatively social mammal,
suggesting that even rare social interactions lead to the ability to respond flexibly to predators depending
on the presence or absence of conspecifics.
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The audience effect has been shown in numerous group-living vertebrates but whether it 
is present in facultatively social species is unknown. We investigated the anti-predator 
responses of the yellow mongoose, a mammal that dens in groups, but primarily forages 
alone. To examine the effect that the social environment has on their communication, we 
performed a combination of field observations and experiments with live and model 
predators on a habituated population of mongooses. Social context affected both the 
communicative and flight behaviour of yellow mongooses. Alarm vocalizations were 
used almost exclusively when individuals were in a group, rather than solitary. The visual 
alarm signal – a raised tail – was predominantly used by solitary individuals, when 
predators were outside attack range. This study is the first to show an audience effect in a 
facultatively social mammal, suggesting that even rare social interactions lead to the 
ability to respond flexibly to predators depending on the presence or absence of 
conspecifics.  
 
KEYWORDS: alarm signals, audience, communication, Cynictis penicillata, sociality, 
yellow mongoose
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Research has highlighted the almost ubiquitous nature of the audience effect amongst 
social vertebrates, present in species ranging from chickens, Gallus domesticus (Marler et 
al. 1986), and zebra finches, Taeniopygia guttata (Vignal et al. 2004), to brown capuchin 
monkeys, Cebus apella (Pollick et al. 2005) and Siamese fighting fish, Betta splendens 
(Doutrelant et al. 2001). This effect is where signal production appears to be under 
voluntary control by the signaller, specifically mediated by the social environment of the 
sender, and not only by the original stimulus (such as the presence of a predator or food). 
The audience effect has been shown in the signalling behaviour of many social species, 
yet it has never been investigated in species that are not obligate social. It is not known if 
the signalling behaviour of such species would be affected by the limited number of 
intraspecific encounters that they experience.  
 
The audience effect, if present in facultatively social species, should be especially 
evident in their anti-predator responses. Individual prey actions, including inappropriate 
signalling during predator encounters, have potentially fatal costs to the actor, and in 
group-living species predator alarms are often strongly affected by the nature of the 
conspecific audience (e.g. Hoogland 1983; Hauber & Sherman 1998). Predation exerts 
strong pressure on grouping behaviour (e.g. Barta et al. 2004) and alarm signals are a 
well-studied aspect of most gregarious species’ vocal repertoires (review in Klump & 
Shalter 1984). Solitary species, in contrast, may use distress calls during predator 
encounters or stressful situations (Baker 1988; Mascagni & Doyle 1993), but these 
signals are reflexive vocalizations affected by the presence of the threat alone (Marler 
1967). As obligate social species respond flexibly to social context in terms of behaviour, 
the study of facultatively social species could shed light on the effects of increasing 
gregariousness on the solitary ancestors of social species. 
 
Ancestors of the mongooses – family Herpestidae – have been suggested to be 
solitary, and sociality to have evolved only once in this group (Veron et al. 2004; Perez et 
al. 2006). The family shows the full range of social structures, from solitary to facultative 
and obligate group-living, with the obligate social species in a monophyletic clade that is 
separate from the clade that includes the solitary and facultatively social species (Veron 
Animal Behaviour (2008) 75, 943-949  2  
 62 
63 
64 
65 
66 
67 
68 
69 
70 
71 
72 
73 
74 
75 
76 
77 
78 
79 
80 
81 
82 
83 
84 
85 
86 
87 
88 
89 
90 
91 
92 
et al. 2004; Perez et al. 2006). Alarm signalling behaviour is absent in the vocal repertoire 
of solitary herpestids, such as slender mongooses, Herpestes sanguineus (Baker 1982), 
and water mongooses, Atilax paludinosus (Baker 1988), which have only distress 
vocalizations. Obligate social mongooses, in contrast, have complex alarm calling 
repertoires (dwarf mongooses, Helogale undulata: Beynon & Rasa 1989; meerkats, 
Suricata suricatta: Manser 2001) and are affected by the presence of a conspecific 
audience (Rasmussen 2006). Yellow mongooses are solitary foragers that belong to the 
solitary herpestid clade (Veron et al. 2004) and have both a visual and vocal alarm signal 
(Earlé 1981; Balmforth 2004). Although they den alone in some parts of their distribution 
range (Cavallini 1993), yellow mongooses share sleeping burrows and territories with 
family members elsewhere, where they display facultative sociality and cooperation 
(Earlé 1981; Balmforth 2004). Unlike obligate social and solitary species, the yellow 
mongoose forages alone but encounters closely-related conspecifics on a regular basis. 
This constantly fluctuating social environment makes it an ideal candidate for the 
investigation of the audience effect.  
 
We habituated and closely followed individuals in a wild population of yellow 
mongooses, allowing us to compare their behaviours in a social as well as solitary context 
without manipulating their natural social circumstances. All individuals in this 
population, both immature and adult, foraged alone most of their time but occasionally 
foraged with one or two family members. We used a combination of data from 
observations and experiments to test the prediction that alarm signals are mediated by the 
social environment of the sender, specifically by the presence or absence of a conspecific 
audience.  
 
 
METHODS 
 
Study Site and Population 
We studied a population of yellow mongooses at the Kuruman River Reserve (28°58’S, 
21°49’E) in the Kalahari Desert, South Africa. The study area experienced hot, wet 
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 summers (October – April) and cold, dry winters (May – September), and consisted of 
the dry bed of the Kuruman River and the surrounding dune areas (see Clutton-Brock et 
al. 1998, 1999 for detailed description). Predators of the yellow mongoose, such as 
martial eagles, Polemaetus bellicosus, black-backed jackals, Canis mesomelas, and Cape 
cobras, Naja nivea, were present on the reserve. During the study period from February 
2004 to March 2006, 55% of the adults (older than one year of age) and 28% of the 
immature (younger than one year of age) yellow mongooses were predated by either 
raptors or canids (A. le Roux, M. I. Cherry, & M. B. Manser, unpublished data). The 
average size of groups denning together was 3.7 
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+ 0.4 (mean + SE) for our nine focal 
groups, each consisting of the mated pair with their most recent offspring. Offspring 
dispersed before reaching adulthood and no helpers remained behind to help raise the 
next year’s litter, so that the only long-term group members were the mated pair. This 
was a low density population of yellow mongooses, with group sizes similar to those 
reported for other populations in the Kalahari (n = 4-5 members, Rasa et al. 1992). 
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Field Observations 
 
We achieved habituation of 21 individuals (10 males, 11 females) through daily visits to 
sleeping burrows, initially sitting quietly 30 m away, in full view of unhabituated 
animals, gradually starting to move and walk around slowly as habituation progressed. 
Movements or indirect approaches were only attempted when the unhabituated animal 
was visibly relaxed and undisturbed by the presence of a still observer, and movements 
were stopped whenever animals became too nervous. While we were with focal animals 
we would regularly hum softly, as a ‘reassurance’ call that mongooses may associate with 
the presence of ‘harmless’ observers. Eventually, these individuals were habituated to the 
close presence of a human observer and their natural behaviour was not disturbed by our 
presence, so that we could walk with them, remaining as close as 5 m from a normally 
foraging mongoose. To keep track of group movements we fitted one adult per group (N 
= 9) with a radio collar from Sirtrack© (Havelock North, New Zealand), whereas other 
group members were identified through small dye-marks on their fur. Each individual 
was implanted with an Identipet™ (Johannesburg, South Africa) microchip transponder. 
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Although only a few individuals were radio collared, we were able to locate all focal 
animals with ease, as each animal shared a sleeping burrow with one radio collared adult.  
 
We conducted daily observations between January and December 2005 during 
morning and afternoon peak activity periods. Before each session we chose a focal 
animal from the 21 habituated individuals and followed it as it left the sleeping burrow in 
the morning, or located and followed individuals in the afternoon. Thus, between two 
observers, we had four different mongooses as focal animals each day. Although all 
visible animals in the surrounding area were monitored, our focus was always on one 
individual per session, as groups rarely stayed together while foraging. The area was 
carefully scanned at least once every five mins to check for the proximity of other 
individuals. Whereas animals mostly foraged alone, we were able to collect data for each 
focal animal while solitary and while in a family group. 
 
We collected data ad libitum (Altman 1974) on a handheld computer (Psion 
organiser II model LZ64), defining the following behavioural categories: (1) guarding 
behaviour, and (2) alarm responses. Guarding was the cessation of all other activities for 
more than one second in order to scan the area, a ‘bipedal guard’ being exhibited when a 
vigilant mongoose stood on its hind legs. Alarm responses occurred when high threat 
levels were perceived and were associated with flight reactions. We distinguished 
between two non-vocal flight responses and two types of vocal alarm calls. Non-vocal 
alarm responses were either fleeing without any alarm display, or flight in conjunction 
with the pilo-erected, raised tail. As this ‘tail signal’ was occasionally seen during other 
social interactions it was classified as a visual alarm only when clearly associated with 
fleeing from a predator. Vocal alarms were either the ‘rolling’ alarm, or the ‘peepgrowl.’ 
These vocalizations could be differentiated by ear on the basis of acoustic structure (le 
Roux et al., unpublished data). The peepgrowl was also observed in non-alarm situations 
and was interpreted as an alarm call only if followed by flight behaviour and/ or bipedal 
guarding.  
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Over 400 predator sightings were recorded during field observations (mainly of raptors, 
at a distance of more than 100 m away), but the primary anti-predator reactions of yellow 
mongooses were alert, silent guarding bouts. Most of the alarm responses during over 900 
h of observation were to threats unseen by the observer, and we seldom saw interactions 
with natural predators in close proximity. In order to describe more detailed reactions to 
predators at a closer distance, we conducted a series of experiments with simulated 
predators, namely a model of a martial eagle, a medium-sized live dog, and a live Cape 
cobra. We presented each of these predators to solitary yellow mongooses (N = 7 kite 
trials, 6 dog trials, 6 snake trials) as well as groups (N = 8 kite trails, 8 dog trials, 4 snake 
trials). Only adults (age: older than one year, N = 8) were focal animals during 
experiments, and we were able to use most individuals (N = 5) in both a solitary and 
group context. As habituation levels varied between individuals and some adults died 
before the end of our study, we were unable to perform experiments on all nine family 
groups. Experiments were spaced with at least a week between trials at the same group 
and we conducted trials of different stimuli types in a random order. We did not include 
non-predatorial species in our experiments, as mongooses’ responses to these species 
were commonly seen during field observations. We regularly observed mongooses 
reacting to species such as steenbok, Raphicerus campestris, eland, Tragelaphus oryx, 
and yellow-billed hornbills, Tockus flavirostris, and the primary reaction was to ignore 
them or guard briefly, even if the other species were closer than 10 m (in the case of tame 
eland).  
 
Staged raptor encounters took the form of a kite (2 m x 2.5 m) painted with the 
image of a martial eagle, flown at an estimated distance of 50 m (50 -70 m high) from the 
focal animal or group. We repeated these trials in two cases where focal animals failed to 
spot the ‘raptor’ in the initial experiment. In trials imitating an encounter with a terrestrial 
predator, an assistant walked a trained dog on a leash towards the focal yellow mongoose 
at a constant walking speed. To induce mobbing behaviour we presented yellow 
mongooses with a live Cape cobra in a clear, aerated Plexiglas box (dimensions 70 x 70 x 
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80 cm) and showed this box without the snake to six individuals to control for its possible 
influence. We conducted half of the control trials before any snake presentations, and half 
after presentation sessions, separated by at least a week.  In all experiments we video 
recorded responses of focal animals on a Camcorder (Sony HDR-HC3 4MP Handicam) 
connected to a directional Sennheiser (ME66/K6) microphone. Recordings were analysed 
for both behaviour and type of vocalization used (le Roux et al., unpublished data) 
 
Statistical Analyses 
All statistical analyses were conducted in the freeware program R for Microsoft Windows 
version 2.3.1 (R Core Development Team 2006). To determine if an equal number of 
predators were noticed by mongooses in different social contexts, we compared the 
observed number of guarding bouts (in which a predator was also identified by the 
observer) with the expected number of guarding bouts, using unequal variance t-tests of 
the ranked data (Ruxton 2006). To generate the expected number of guarding bouts, we 
assumed that the chance for a mongoose to encounter a predator while solitary would be 
proportional to the amount of time spent alone. Because focal animals were solitary for 
85% of the time, we predicted that 85% of individuals’ guarding bouts would occur while 
they were solitary, and 15%, while in a group.  
 
We analysed the likelihood of displaying an alarm signal, depending on the 
presence or absence of an audience, with binomial generalized linear mixed-effect 
models, using a penalized quasi-likelihood approach (the glmmPQL function in the 
‘MASS’ package of R 2.3.1 (Venables & Ripley 2002)). For these analyses we focused 
on all instances where an alarm response (with or without signalling) was shown during 
field observations, and coded the binomial response variable as 0 = no signal, versus 1 = 
signal, discounting of the number of alarm signals given at that instant. We did not 
include calling rate as a variable in our analyses as the main vocal alarm used (the rolling 
alarm) was always singular, and data on calling rates for the repetitive peepgrowl were 
too limited. We ran separate models for vocal and visual signals, as there was no a priori 
reason to assume that these signals were directed at the same receiver, whether the 
predator or conspecifics. The mixed-effect model allowed us to incorporate individual 
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identity as a random factor; and predator type and social context as fixed factors affecting 
the likelihood of calling. Predator type was coded into three categories: unknown 
(invisible to the observer), terrestrial, and aerial. Although all these threats evoked an 
alarm response of some kind, the latter two predator classes were deemed as most 
threatening, as predators that we could not see were presumably far away (yet evidently 
visible to the mongoose). We simplified maximal mixed-effect models to obtain the 
minimum adequate model by systematically removing interactions where P-values were 
higher than 0.01 and main effects with P-values higher than 0.05 (Crawley 2005). We 
present only the results of significant effects here. 
 
In statistical analyses of experimental data we combined the results from the 
raptor and dog experiments, as we were interested in the reaction to perceived threat as 
mediated by the conspecific audience, rather than specific predator types. The likelihood 
of calling was not affected by predator type (see results of glmmPQL analyses). We did 
not include snake mobbing in statistical analyses, as this was recorded only five times 
during natural observations and we could not reliably induce this behaviour in our 
experiments. 
 
Ethical Note 
Radio collars and transponders were fitted during live-captures in which individuals were 
anaesthetized using the cyclohexamine drug Zoletil (average dose 0.10mg/ kg). Box traps 
baited with meat scraps were set at known, active sleeping burrows, checked every 20 
min while open, and captured animals were immediately transferred to cloth bags which 
reduced handling time and simplified injections. Zoletil was injected intramuscularly and 
average induction time was two min. Morphological measurements, collaring and DNA 
sampling were done while animals were fully anaesthetized. Recovery started ten min 
later and individuals were under constant supervision in an aerated, shaded recovery box 
until reflexes were deemed to be normal (after 2 – 3 h). Captured animals were returned 
to their sleeping burrows and closely monitored over the following days for any signs of 
discomfort or changes in behaviour. There were no observed negative after-effects due to 
the drug, nor did trapping methods dehabituate individuals – we frequently found the 
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 same animals returning to traps, sometimes repeatedly on the same day. This protocol 
appears to be highly effective for a solitary foraging species in which removal from a 
social group does not cause undue disturbance. Collars never exceeded 4% of the 
mongoose’s bodyweight (18 
247 
248 
249 
+ 1.1 g collars, with an average body weight of 640.7 + 22.6 
g for collar bearers) and recaptures to replace old collars did not reveal abrasions due to 
tight collar fitting.  
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For snake experiments a Cape cobra was captured by an experienced snake 
handler and it was kept in an aerated terrarium with free access to water for less than 3 
weeks. The cobra was released unharmed in the territory where it had been found. We 
conducted all observations, experiments and captures with permission from the Northern 
Cape Department of Nature Conservation and the University of Stellenbosch’s ethical 
committee.  
 
 
RESULTS 
 
The number of predators eliciting guarding behaviour from yellow mongooses was 
similar to expected values for solitary individuals (17.3 + 3.8 bouts per individual, 
unequal variance t-test: t
265 
31.63 = - 0.12, P = 0.91) and those in a group (2.6 + 0.8 bouts per 
individual, t
266 
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268 
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271 
272 
273 
274 
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277 
29.46 = - 1.17, P = 0.25). Observers did not notice any predators that were 
unseen by yellow mongooses, in either social context. While solitary, adult and immature 
mongooses gave a similar proportion of alarm calls (Table 1; binomial test of 
proportions: χ2 1 = 0.08, P = 0.78), and tail signals (Table 1; χ2 1 = 0.60, P = 0.44).  
 
Vocal alarm signals were unaffected by the type of predator encountered (P > 
0.05) but individuals in a group were more likely to call than those on their own (fig 1a; 
glmmPQL: t126 = 7.03, P < 0.001). The tail signal, by contrast, was affected by predator 
type as well as the presence of an audience. In the presence of group members (fig 1a; t125 
= -5.41, P < 0.001) yellow mongooses displayed fewer tail signals than when solitary. In 
the presence of a predator visible to the observer (t125 = -2.12, P = 0.035) individuals 
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 were less likely to display than when in the presence of a visible predator. Specifically, 
there was no difference in signalling behaviour between terrestrial and aerial predators (P 
> 0.05) but terrestrial predators elicited fewer tail displays than did unseen threats (t
278 
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283 
284 
285 
125= -
2.13, P = 0.035). 
 
Table 1. The number of alarm signals given by individual yellow mongooses while 
foraging solitary or in a group. * adult individuals (older than one year) 
 
Vocal alarm Visual alarm Individual 
identity Solitary Group Solitary Group 
bf02 0 1 0 0 
bf04 0 0 1 0 
cf05 0 0 5 1 
cm01 * 0 4 7 0 
cm02 * 2 0 4 0 
cm03 * 0 0 8 0 
df03 1 4 0 0 
df04 0 3 0 0 
ff04 1 0 5 1 
gm01 * 0 1 3 0 
hm02  0 1 0 0 
jf03  0 1 0 0 
tf02 * 0 16 0 0 
tf08 0 1 1 1 
tm02 * 0 12 4 2 
tm06 0 1 1 1 
zf06 0 0 1 1 
zm01 * 2 11 10 4 
zm05 0 1 0 0 
TOTAL 6 57 50 11 
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Yellow mongooses’ responses to the kite and domestic dog experiments were 
similar to reactions observed during natural predator encounters. Both solitary individuals 
and mongooses in a group fled to the nearest bolthole in response to the simulated raptor, 
occasionally vocalizing (Fig. 1b). In response to the dog, solitary yellow individuals ran 
away past nearby refuges, remaining aboveground while stopping infrequently to keep 
visual track of the approaching predator. When a group of mongooses encountered the 
dog, individuals ran to the nearest bolthole but emerged again within less than a minute to 
monitor the dog’s movements. The focal animal in a group would occasionally stay 
above ground at the mouth of a burrow entrance and allow the dog to come as close as 2 
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 m before going below ground. Solitary individuals never vocalized in response to either 
of these predators, whereas the majority of group experiments induced acoustic alarms 
(Fig. 1b). The experimental results support the prediction that the presence of 
conspecifics has a significant, positive influence on the likelihood of vocalizing (binomial 
test of proportions: χ
296 
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303 
2
 1 = 16.0, P < 0.001). Tail signals were more likely to be displayed 
during solitary than social trails (χ2 1 = 3.42, P = 0.07). 
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Figure 1. Occurrences of alarm signals during (a) field observations of yellow 
mongooses and (b) experiments with simulated terrestrial (dog) and aerial (kite) 
predators. Experiment: eight vocal alarms in response to dog; five to kite; one tail signal 
in response to dog, and three, to kite experiment. (*** P < 0.001). 
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Five natural snake mobbings were recorded during field observations. Two of 
these were mobbing groups and the other three were solitary mobbings. Typical mobbing 
behaviour, whether of a Cape cobra or puff adder, Bitis arietans, consisted of the solitary 
mongoose (or group) repeatedly approaching and spit-calling at the snake, with pilo-
erected fur and puffed-up tail. Spit-calls were non-harmonic, harsh sounds uttered when 
an individual came within 1 m of the snake, lunging at it as if to bite. While mobbing, the 
agitated mongoose would energetically renovate nearby boltholes and anal mark the area, 
and sometimes utter ‘krr’-vocalizations (le Roux et al., unpublished data). These high-
pitched, trilling, bird-like calls, were only used by mobbers in a group (N = 2 instances).  
  
Mobbing behaviour during experiments was the same as naturally observed snake 
mobbings, described above. Mobbing did not occur during every experiment (N = 6 
solitary, N = 4 group experiments), as only two of the four groups, and none of the 
solitary individuals mobbed the Cape cobra. The focal animal uttered krr-vocalizations in 
one of these two mobbing events. Control experiments (N = 6) with the empty box never 
elicited mobbing behaviour and the box was largely ignored. This differed from the 
reactions of yellow mongooses to the predator, as the box was actively avoided when 
containing a snake, even though mobbing did not occur in eight of the ten experiments. In 
both natural and experimental snake mobbings the only observable difference between 
solitary and group mobbing was the absence of krr-vocalizations in solitary mobbings. 
 
 
DISCUSSION 
 
The alarm signals and anti-predator behaviour of the yellow mongoose were not merely 
an involuntary response to the presence of predators, but were affected by social context. 
As individuals live in family groups, the yellow mongoose’s vocal alarm is probably an 
innate behaviour that functions to warn close kin of impending danger, similar to other 
alarm-calling species (Maynard Smith 1965; Dunford 1977; Griesser & Ekman 2004). In 
many social species, the accuracy of alarm calling and responses matures over time 
through learning and/ or a developmental process of maturation (Seyfarth & Cheney 
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1986; Ramakrishnan & Coss 2000; Hollén & Manser 2006). Immature yellow mongooses 
called ‘correctly’ – in a group as opposed to solitary context – as often as adults, 
suggesting that responses were accurate early on in their ontological development. They 
may be ‘fast learners’ but we consider this to be improbable. Mongoose pups spend the 
first two months of their lives at the sleeping burrow in the presence of group members 
and may have learned from conspecifics to use alarm vocalizations when predators are in 
sight, but it is unlikely that learning was involved in the appropriate suppression of calls. 
Most predators eliciting an alarm response were at too great a distance to locate yellow 
mongooses on the basis of their alarm vocalizations, which were inaudible to observers 
further than 10 m away (ALR pers. obs.). Learning is enhanced through a high cost to 
incorrect behaviours (Dukas 1998), and in the absence of such costs, yellow mongooses 
have little incentive to learn the suppression of alarm calling behaviour while alone. At 
this stage, therefore, we cannot attribute correct call production to maturation or learning.  
However, yellow mongoose groups responded more nervously than solitary individuals to 
alarm situations. Groups responded to terrestrial predators by fleeing to a nearby bolthole, 
instead of evading capture while remaining above ground, as solitary individuals did. 
Yellow mongooses are also more flighty and vigilant in groups than when alone (le Roux 
et al., unpublished data) even though they encounter equivalent numbers of predators. 
Vocalizing may therefore reflect the caller’s motivational state rather than implying 
intentional communication to conspecifics (Cheney & Seyfarth 1985; Hauser 1997).  
 
The tail signal was elicited under opposite circumstances to the vocal alarm, when 
neither predators nor conspecifics were nearby. Unlike alarm vocalizations, the visual 
alarm was a very conspicuous signal unlikely to be missed by visually hunting predators 
such as raptors (Tucker 2000) and diurnal canids (Wells & Bekoff 1982). This signal may 
therefore have been directed at the predator (Hasson 1991). Attacking predators may be 
thwarted by having their attention redirected to a conspicuous, non-vulnerable part of the 
body, such as a distinct tail tip (Humphries & Driver 1970; Powell 1982), or be startled 
by sudden, bright coloration (Humphries & Driver 1970). However, yellow mongooses 
did not display the visual alarm signal when predators were nearby and about to attack. 
Communicating with a distant predator, the tail signal probably advertised perception and 
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 thereby deterred pursuit (Woodland et al. 1980; Murphy 2007). Similar to numerous prey 
species (Cott 1940), the yellow mongoose forages close to cover, using camouflage as a 
protective measure (le Roux et al., unpublished data). The presence of one or two 
conspecifics increases the visibility of an individual, which may be why they do not 
increase their vulnerability even further by displaying the tail signal when in a group. The 
tail signal does appear to increase vigilance in conspecifics (Balmforth 2004), and we 
suggest that the visual alarm of the yellow mongoose is a long distance signal with both 
the predator and conspecifics as potential receivers. 
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Communication during snake mobbing events also showed an audience effect. 
Although few mobbing events were observed, solitary mongooses mobbed snakes 
without using the krr-vocalization, as opposed to groups, which did vocalize. This call 
type is not an alarm signal (le Roux et al., unpublished data), but may function as a 
recruitment call bringing group members together during interspecific conflict situations. 
Unlike the harsh spit-call, which is presumably directed at the snake, the krr-vocalization 
is a signal directed at group members, and is used only in a gregarious context. Again, the 
selective use of a communicative signal showed the effect that the presence or absence of 
group members had on signallers. 
 
To our knowledge, this study is the first to explicitly demonstrate an audience 
effect in a solitary foraging species.  In two social species with occasionally solitary 
males – Thomas langurs, Presbytis thomasi (Wich & Sterck 2003) and meerkats 
(Rasmussen 2006) – these solitary males exhibit an audience effect in their vocalizations. 
However, these are gregarious species in which social awareness is expected to have 
evolved. The meerkat, for example is daily engaged in communal activities and complex, 
cooperative anti-predator behaviours (Clutton-Brock et al. 2001; Manser et al. 2002) that 
could lead to the development of cognitive skills similar to those of other social species 
(Whiten & Byrne 1997; Bond et al. 2003). In contrast, the yellow mongoose is at best 
facultatively social in areas where ecological pressures force them to den – but not forage 
– in more permanent groups (Balmforth 2004).  
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Some solitary and solitary-foraging carnivores show behavioural patterns that 
resemble those usually ascribed to social species. The social behaviours and physiology 
of the solitary wolverine, Gulo gulo, are affected by social circumstances in ways similar 
to those of gregarious species (Dalerum et al. 2006). Slender mongooses, a solitary 
species, may form long-lasting male-male coalitions (Rood 1989; Waser et al. 1994). 
Yellow mongooses, which primarily forage alone across their distribution range and 
exhibit vigilance patterns adapted to a solitary foraging lifestyle (le Roux et al., 
unpublished data), respond flexibly to predators in the presence of conspecifics. The 
social behaviours of solitary and solitary-foraging species may therefore be more 
adaptable than hitherto acknowledged, and flexible responses to conspecifics are 
probably not limited to social species. Future studies of social cognition and 
communication should include species that are not obligate social, as their limited 
intraspecific interactions may have led to a more plastic behavioural repertoire than 
previously appreciated. 
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